The purpose of this research is to determine pre-service mathematics teachers' skills in the development of activities. The research was carried out using the case study which is descriptive method. For the collection of data, 57 pre-service mathematics teachers' in their final year secondary math teachers' education department attended the research. Pre-service teachers were asked to develop 5 activities for the concept of function a high school mathematics curricula. After obtaining the data, it was analyzed using the descriptive analysis method. The developed activities were first examined to see if they qualified as activities, which would be used in the learning process stage, and then examined to see which skills were reflected in the activities. The findings indicated that more than half of the pre-service teachers could develop activities, although some pre-service teachers could not develop activities, and some situations were not regarded as activities. It was determined that activities typically were intended for reaching and understanding a concept and its rules. In addition, it was observed that connecting mathematics to the real world, providing multiple representations and guiding questions were used for thinking/interpreting, predicting, and generalizing. In this study, there are reflections on the difficulties of pre-service mathematics teachers' in the development activities.
Learning mathematics through activities can be seen as a fundamental building block in the learning process. Because the aim of learning activities is to ensure that students are active both mentally and physically during the learning process and that they will make a contribution through their efforts. Hence, it is important that activities appropriate for this purpose are developed and applied in the classroom environment.
Learning activities are thought of as tasks specifically designed to develop the learning of students (Northcote, Kendle, Ingram, & Thompson, 2001 ). Özmantar and Bingölbali (2009) define activity as the actualization of a task by way of a certain pedagogic approach. Whereas Doyle (1988) puts forth that activity is made up of four basic elements: product, operation, resource and responsibility.
The development and application of activities is observed in the constructivist learning approach. The learning process in the constructivist learning approach is made up of contemporary activities that can be carried out for life (Yurdakul, 2005) . In this approach it is therefore expected to develop strategies that ease learning and support the constructivist philosophy, such as introducing the topic through activities and animations (Garfield, 1995; Garfield & Ahlgren, 1988) as well as teaching the lesson through activities (Garfield, 1995) (as cited in Miller, 2002, p. 2) . However, it is also desired that the activities and samples that are designed to teach concepts and information are meaningful and original for students (Durmuş, 2001) . Therefore, it is expected that these activities establish a relationship between other scientific fields and the real world in addition to pre-learning . It is critical that the problems to be solved and activities to be discussed in the learning environment be ones that attract the attention of students (Brooks & Brooks, 1993) . When all these conditions are met, activities prepared using the constructivist learning approach contributes to mathematics education as an effective way for reaching the targeted behavior (Bukova-Güzel & Alkan, 2004) .
Teachers should primarily develop and apply activities to give students a chance to work in the classroom (Marx & Walsh, 1988) . Learning through different activities and methods should help the student (Stylianides & Stylianides, 2008) . Environments where students can work on sophisticated mathematical activities should be created to enhance their performance in math (Henningsen & Stein, 1997) . Such mathematical activities include questions like "What is mathematics?" and "What is required to do mathematics?" (NCTM, 1991) .
It is critical in today's learning approaches that multiple learning activities are carried out to create and learn a concept. However, in addition to performing an activity, it is also important how and in what way the activity is carried out (Özgen, 2012) . Because the structure of activities can potentially effect or restructure a student's way of thinking and serve to limit or broaden the perspective of their field of study (Henningsen & Stein, 1997) , it is important that what is carried out is actually an activity. To this end, Bukova-Güzel and Alkan (2005) have emphasized that activities should not be characterized as simple questioning or sample problem solving. Özmantar and Bingölbali (2009) have thought of the objective of an activity in three dimensions: the reason why the activity is carried out, what gains are aimed with this activity, and what the students will understand from the activity.
It can also be said that the application of an activity is as important as the objective of that activity. It can be stated that the structures of activities are varied and complex (Giaquinto, 2005) . Students try to form their own definitions and concepts through the activities carried out during the learning process. In order to attain this, it is asked that students participate effectively and thus gain direct access to knowledge (Özden, 2009 ).
It has been observed in recent years that various studies are being conducted regarding the concept of activities in mathematics teaching. It is stated that learning with activities has many positive contributions to the learning process along with the acquisition of knowledge and skills. In a study carried out by Bukova-Güzel, Elçi, and Alkan (2006) , it was determined that multiple activities prepared to teach the function concept have significant contributions to learning in that they result in the students displaying different approaches in modeling, they decrease faulty concepts, and they increase the skills of connection. Whereas Şen (2008) has put forth that learning through activities based on active learning in the 7 th grade mathematics course better motivates students towards the course while also increasing their academic success and interest in the course. Similarly, Savaş, Obay, and Duru (2006) emphasized that mathematics teaching in which learning activities are used increases the academic success of students in comparison with traditional teaching.
Some studies have examined the opinions and difficulties related with the execution of activities along with a description of the process. For instance, Bal (2008) stated in his research that even though elementary school teachers find the new mathematics teaching program to be positive, they experience various problems in its application and that the teachers have a hard time in preparing activities. Whereas Bingölbali (2010) states that the guidance of teachers, activity directives and the tools used play an important role in the difficulties that students face. Özgenç (2010) has concluded that the preparation and application process for game based activities designed and applied in a 7 th grade mathematics course is difficult and time consuming, that teacher-student, student-student interaction along with the participation of students is high and that the guiding role of the teacher in the process stands out.
Teachers have important responsibilities regarding the development of activities and the structuring of suitable environments (MEB, 2011) . This is explained as follows: "The teacher, together with the student, should be able to plan the methods, activities, course tools-equipment and materials, assessmentevaluation methods in accordance with the objectives and gains given in a special field teaching program"" (MEB, 2008, p. 20) . The knowledge, skills and experiences of pre-service mathematics teachers with regard to activity development and application should be at a certain level. It is important that the effect of the theoretical and application courses taken by pre-service mathematics teachers during their education on their ability to develop activities should be applied. However, the number of studies on the knowledge, opinions and experiences of preservice mathematics teachers towards the concept of activity is limited. In one of these studies have determined that the preferences and opinions of pre-service mathematics teachers regarding various learning activities with a multiple activity approach carried out during the learning process. In their study, pre-service teachers with different learning styles had similar preferences for the learning activities and learning activities were received positively.
The objective of the presented study is to examine the activity development skills of pre-service mathematics teachers. In this manner, its aim is to reach comprehensive information by examining what pre-service mathematics teachers understand of activities, how they reflect this understanding in their activity development process, and the various approaches they take.
Method
Since the objective of this study was to put forth the activity development skills of pre-service mathematics teachers, the case study was used as a descriptive method. In such studies, a predetermined event or a special case is examined with an individual or a group and the details of the acquired data are attempted to be explained in terms of cause-effect and the relationships between variables (Çepni, 2007, p. 36) .
Study Group
The study was carried out with 57 senior pre-service mathematics teachers continuing their education at the secondary school mathematics teaching department at a state university during the spring semester of the 2011-2012 academic year. All preservice teachers had taken mathematics, field training and pedagogy courses, and all had completed the application process to be included in the study.
Data Collection Tool
The function concept was selected to describe the activity development skills of pre-service mathematics teachers. To this end, gains towards the function concept in high school mathematics curriculum were examined and 5 gains towards this concept were determined to be directed to pre-service teachers. Each of the pre-service mathematics teachers were asked to develop activities for each of the cases given below.
To teach the function concept;
• Try to put forth the importance of the domain and codomain of a function, and the image set through positive and negative activities.
• Develop activities to distinguish function types.
• Carry out activities to put forth the increasing, decreasing and constant function sub-concepts.
• Carry out activities to relate inverse function concept with the function graph.
• Carry out activities to distinguish single and dual function.
The studies were carried out with pre-service teachers in a field training course. The application was carried out in a class environment and two course hours were allocated. In addition, the preservice teachers were not given any resource or material support. The pre-service teachers were asked to individually develop the aforementioned activities. The application process was directed by the researchers. It was assumed that pre-service teachers had received information regarding the concept of activity throughout their field education and pedagogy courses and that they had carried out some activities in various courses.
Process
The data acquired in this study examining the activity development skills of pre-service mathematics teachers was evaluated via qualitative analysis. The data for this study was obtained from the activity examples that they developed for teaching the concept of function. The descriptive analysis method was preferred as a qualitative analysis method to carry out data analysis. The data acquired was interpreted by summarizing it according to pre-determined themes. Direct quotations were frequently used and the results obtained were interpreted and presented to the reader (Yıldırım & Şimşek, 2005) . The approach of pre-service teachers regarding "what is an activity?" was studied because previously, variety and limitations were observed in the activity perceptions of teachers (Özmantar, Bozkurt, Demir, Bingölbali, & Açıl, 2010) . Accordingly, putting forth the meanings attributed to the concept of activity was set as a target by way of examining the activities developed by pre-service mathematics teachers. To this end, it was first examined whether the developed activities were in fact activities or not, and those that did not fit this definition of were eliminated. As an indicator, instances that made the student take an active role, that directed the students towards an effort, and that put forth questions, directive questions, were accepted as activities.
In the second stage, activities were analyzed in the order of use during the learning process. Accordingly, classifications of "activities to reach a concept/rule" and "activities to reinforce, use and apply the concept" were defined. Previous studies had determined that teachers applied activities in one stage of the learning process while they did not need to apply the applications in other stages (Çetin, 2009 ). However, application and reinforcement states are very important for learning. Hence, it was expected from the pre-service teachers to develop activities of the second type, whereas in the last stage, activities were evaluated and examined in terms of the reflected skills. In other words, skills such as problem solving, modeling, connection, use of different representations, interpretation, estimation and use of technology, which are among the skills targeted in teaching mathematics, were examined.
Descriptive statistics such as frequency and percentage were used during the analysis of acquired data. Validity in qualitative analysis can be determined by asking whether there is harmony or not between the problems/objectives of the study and its tools (Gökçe, 2006, p. 83) . To this end, these criteria were given special attention during the stages of the development of the data acquisition tool, its application, and the analysis of the acquired data. In addition, the acquired data was analyzed by researchers at different times to ensure the reliability of the data analysis. Accordingly, codings for which there was no agreement were reevaluated, and a final decision was given. Data was examined by the researcher to ensure the reliability of the study and the formula of P (Agreement Percentage) = [Na (Agreement) / Na (Agreement) + Nd (Disagreement)] X 100 (Miles & Huberman, 1994) was used. As a result of this calculation, the values of 83.4%, 76.2% and 78.5% were found for each theme respectively and the study was accepted as reliable.
Results and Interpretations
The first set of evaluated results is related to whether the activity suggestions developed by pre-service teachers are activities or not.
Data analysis has resulted in categorization of the activities developed by pre-service teachers as an "activity not developed, " "not an activity, " or an "activity. " All pre-service teachers tried to develop an example of an activity for the first goal, however only 61.4% of these were considered to be an activity. On the contrary, 15.7% of the preservice teachers could not develop an activity for the 2 nd goal. However, just 64.9% of the developed activities could be considered as an activity. 8.7% of the pre-service teachers could not develop an activity for the 3 rd case whereas 59.6% could. In addition, 21% of the pre-service teachers could not develop an activity for the 4 th activity case while 52.6% could do so. Finally, 38.5% of the pre-service teachers could not develop an activity for the 5 th activity case while only 36.8% of the activities developed were accepted as activities. Apart from the 5 th case, it can be stated that more than half of the pre-service teachers were able to develop an activity. In general, the activity development ratios in different instances are observed to be similar. However, it was determined that pre-service teachers had difficulty in developing the 5 th activity. This may be due to a lack of content knowledge or the failure to merge content knowledge with the right pedagogic approach. In reality, the ratio of examples that are not considered as activities in other cases is considerably high. This can be seen as an indication of limitations and difficulties in the perceptions of activities or activity development skills of the pre-service teachers.
It was observed as a result of data analysis that pre-service teachers developed "activities to reach a concept/rule" more when compared with all activities. Sample activities were developed to the highest level (43.8%) for the 3 rd activity, first subtheme, whereas activities were the least developed (31.5%) for the 2 nd and 5 th activities. The level is lower in the "Activities to reinforce, use and apply a concept" field. In this theme, activities were the most developed for the 1 st activity case (28.0%) and least developed for the 5 th activity case (5.2%). This emphasizes the fact that activities to "learn a concept" are more acceptable in the perceptions of pre-service teachers.
It is understood by the analysis of data that especially "questions directing one to think/ interpret, estimate, make generalizations and draw conclusions" along with the skills "connected with real world" have stood out. On the contrary, it is observed that skills such as problem solving, using different representations, connecting with other concepts and using technology are reflected less in the activities. It has been observed that the activities developed by pre-service teachers for the 1 st , 2 nd , 3 rd and 4 th activity cases reflect connections with the real world, thinking, interpreting, generalizing skills are used more. Whereas skills such as connection with other concepts, problem solving and modeling have been reflected in the activities for the 5 th Activity case. In addition, only one of the pre-service teachers suggested the use of technology in activities. This general circumstance may be due to the given gains (nature of the field) or the limited perspective of pre-service teachers regarding activities because other important skills in the mathematics learning process have been neglected despite the positive reflections of candidates on connections with the real world and reflections regarding high level cognitive skills.
Discussion
Data acquired as a result of the analysis has put forth the perceptions and perspectives of preservice mathematics teachers along with the meanings attributed to the concept of activity by them. Accordingly, a majority of the pre-service teachers were able to develop activities for all activities other than the 5 th activity case. This indicates that they perceive the activity correctly. Even so, some pre-service teachers were not able to develop activities directed towards the determined gains. Most of the cases that were not accepted as being an activity were cases in which pure content knowledge, definition, or examples were put forth. Here, shortcomings arose such as not making an effort or not being able to think differently rather than a lack of knowledge from the pre-service teachers. Definitions and explanations regarding the concept of an activity see active participation of the student as the common point for all activities (Bozkurt, 2012; Özmantar et al., 2010) . In addition, it was also requested that activity directives and guiding questions should serve this purpose and support learning. To this end, various properties were taken into account among activity evaluation criteria such as presence of directives along with language and expression.
The fact that majority of the pre-service teachers were able to develop activities can be evaluated as a positive outcome. On the other hand, the fact that there were pre-service teachers who were not able to develop activities despite the low number of participants can be seen as a significant problem. Because this study was carried out during the spring semester with senior pre-service teachers who were close to graduation. Therefore, it was observed that pre-service mathematics teacher still have some difficulties in their perceptions and mental schemes regarding the concept of an activity. Similarly, various studies carried out previously have also put forth the limitations of the perceptions and perspectives of teachers regarding the concept of an activity (Açıl, 2011; Bozkurt, 2012; Uğurel, BukovaGüzel, & Kula, 2010) .
The importance of activity directives have been observed in this study. Hence, activities developed in our study by pre-service teachers which did not have directives or lacked guidance were not accepted as activities. It was observed in many sample cases that activities did not have directives or guiding questions, or they did not suit students in terms of language and expression. It is inevitable that various problems will arise for both the teacher and the student in the application process of such an activity.
The activities developed by pre-service teachers were also evaluated in terms of learning process stages. The fact that pre-service teachers are more successful in developing "activities to reach a concept/rule" emphasizes that they are familiar with the subject theoretically. Whereas the fact that they are at a lower level in terms of developing "activities to reinforce, use or apply a concept" indicates that they have difficulties in establishing relationships between the subject and other subjects or concepts. The appearance of this situation can be based on the perceptions of pre-service teachers regarding the nature of gains. It can be stated that pre-service teachers have a strong perception regarding the fact that activities will be used in the first stages of the learning process.
Learning activities can be used in all stages of the learning process if they are developed properly. Activities can be used in learning a new concept, in relating with pre-learning, usage and application of what is learned or adaptation to different or complex cases. Teachers or pre-service teachers generally prefer to develop and apply activities that are in accordance with their own education or those that they can carry out with their current knowledge, skill and experience. The results of our study indicate that pre-service teachers behave accordingly.
Connection with real world, use of different representations and questions for thinking, interpreting, estimating, generalizing and drawing conclusions have been used more among the skills reflected in the activities developed in this study by pre-service teachers. It is understood that problem solving, modeling and connection with other concepts are less preferred in the developed activities. Even though the obtained results seem to be partially positive, it is emphasized that in general there are some difficulties in reflecting mathematical skills to activities. It is important in designing an activity for a specific purpose that the structure and objective of the activity be in agreement with the purpose. Activities designed in accordance with the purpose can be handled together with various skills in reaching the desired gain. When it is considered from this perspective, it can be stated that skills comprise the primary principles for mathematics learning in mathematics teaching program (MEB, 2011) and NCTM (2000) standards. Targeted skills can be integrated with proper approaches in activity design by the teachers. At this point, the importance of the nature or the structure of the activity appears. In a study carried out by Aslan (2010) , it has been put forth that the nature of the chosen activity along with the pedagogic approach of the teacher are some of the factors that affect the roles of teachers and students during the activity application process. Our study results are in accordance with the results of that study. Because in this study, pre-service teachers have preferred questions related with high level cognitive processes and connections with the real world more.
Another result is that the approach of the teacher is important for activity design and the application process. Toptaş (2008) has determined in a study that during primary school mathematics course activity application, teachers do not let students develop activities, thereby carrying out teachercentered activities. It can be stated according to the results of this study that even though there are some difficulties in the activities developed by pre-service teachers, they will contribute more to learning since they are student centered. However, when those who did not develop activities in the study along with those whose activities were not accepted as activities are considered, it cannot be stated that the approach of these pre-service teachers are fully student-centered. This can be due to habits from the past, flaws in the education process of teachers and the existing teacher based learning approach causing different perceptions to arise in their minds. It has been determined in previous studies that there are impressions of this approach. Güven and Karataş (2004) have determined that primary school pre-service mathematics teachers generally design teacher-centered classroom environments in the design models they conjure in their minds. A similar study carried out by Özgen, Tataroğlu, and Alkan (2011) has put forth that pre-service mathematics teachers generally want to learn through reinforcement activities, by listening from the teacher or through the use of higher level cognitive skills. The results of previous studies along with the results of the current study put forth that pre-service teachers cannot break free from teacher-centered learning approaches and that they are under the effect of this approach in their perceptions, opinions and behavior regarding the mathematics learning/teaching process.
On the other hand, it has been put forth in various studies that there are some limitations regarding the activities included in the mathematics curriculum and textbooks (Dündar & Soylu, 2012; Kerpiç & Bozkurt, 2011) . To this end, mathematics curriculum, teacher guide books and textbooks should ease the process of learning mathematics through activities. The activity concept should be cleansed of vague cases and explanations regarding its design and application. It is observed that resources guiding and informing teachers more about the concept and design of activities are necessary. In addition, more comprehensive studies carried out by education specialists will contribute to this process. Because different definitions and approaches for the activity concept may force teachers and pre-service teachers to a teacherbased education. Meanwhile, this may cause teachers to shift towards various complex, limited and sometimes wrong perceptions with an activity concept.
In this study, a limited number of pre-service mathematics teachers were asked to develop activities for the function concept. In future studies, pre-service teachers may be asked to develop activities for other mathematical concepts, thus giving us an opportunity to see the effects of the nature of the topic on the development of activities. In addition, the activities developed by the preservice teachers in this study were evaluated according to various criteria. Examinations can be carried out on other activity design principles that were not handled in this study. In addition, studies can be carried out to determine the reasons along with solutions regarding teachers who are not able to develop activities or who have limited perceptions on the concept of activity.
